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Description 

The present invention relates generally to the 
field of nnuscte stinnulation. and more particularly, 
relates to monitoring of cardiac assist systems 
which are powered by skeletal muscle. 

Cardiac assist systems do not replace the hu- 
man heart, but merely supplement it. Many tech- 
niques have been proposed using a variety of 
mechanical power sources. Typically these require 
some form of percutaneous energy transfer, be- 
cause of the difficulty in storing sufficient energy 
subcutaneously. Such systems are cumbersome 
and inconvenient for the patient and are prone to 
infection along the percutaneous energy transfer 
path. 

A technique holding a great deal of promise is 
to power the cardiac assist system from a surgi- 
cally modified siceletat muscle. The cardiac assist 
system is thus powered by normal biochemical 
processes. U.S. Patent No. 4.813,952 issued to 
Khalafalla teaches a number of configurations of a 
skeletal muscle powered cardiac assist system. 
U.S. Patent No. 4,41 1 ,268 issued to Cox teaches a 
technique for conditioning skeletal muscle to be 
used in such a cardiac assist system. 

Whereas the feasibility of a skeletal muscle 
powered cardiac assist system has t>een estab- 
Jished in the literature and the clinic, a practical 
system must address concerns regarding efficien- 
cy and safety of operation. Of specific concern is 
the tying of the rate of stimulation of the skeletal 
muscle directly to the heart rate. This seems ap- 
propriate in some instances, but care must be 
exercised because of the wide range of possible 
rates. For example, it may be quite Inefficient to 
stimulate the skeletal muscle at the cardiac rate 
when the patient is at rest and requires only mod- 
est cardiac output. Similarly, it may be inefficient 
and even dangerous to stimulate skeletal muscle 
contraction at very high rates. The nature of the 
skeletal muscle stimulation may also t>e changed 
to improve efficiency over the range of available 
rates and cardiac demands. 

According to the present invention there is 
provided a cardiac assist system for assisting a 
natural heart having ventricles which contract at a 
ventricular rate, for use with a surgically prepared 
skeletal muscle responsively coupled to the cir- 
culatory system, the cardiac assist system com- 
prising: 

a. stimulating means for coupling to the heart 
and to the skeletal muscle for stimulating the 
muscle to contract in synchrony with at least 
one ventricle of the heart in accordance with a 
plurality of parameters of stimulation: and being 
characterised by further comprising 



b. sensing means for responsively coupling to 
said stimulating means and to the muscle, for 
sensing cardiac demand: and 

c. means for responsively coupling to said stim- 
5 ulating means and to said sensing means, for 

varying at least one of said plurality of param- 
eters of stimulation of said stimulating means in 
proportion to said sensed cardiac demand dur- 
ing a predetermined range of cardiac demand. 
10 except that said at least one parameter is re- 
duced when said cardiac demand is outside of 
said range. 

The present invention preferably employs two 
sensors to control the rate and nature of stimulation 

75 of a chronically implanted skeletal muscle powered 
cardiac assist system. One of the sensors is that 
which measures the electrical activity of the heart. 
This sensor would normally be present in any 
cardiac assist system for purposes of synchronlza- 

20 tion. It is also used in a demand pacing system to 
determine natural heart activity. In the present in- 
vention this sensor is used to measure cardiac rate. 
The duty cycle of the skeletal muscle stimulation 
varies with this measured rate. At very high rates 

25 the duty cycle is lowered to improve hemodynamic 
efficiency and add safety to the system. 

The second sensor is used to determine car- 
diac demand. In the preferred embodiment this is 
accomplished using an activity sensor although 

30 other types of sensors may be used, such as blood 
oxygen level. During periods of low demand, such 
as when the patient is at rest and the patient's 
heart requires little assistance, the duty cycle Is 
lowered to improve overall efficiency. As cardiac 

35 demand increases, the duty cycle is increased 
ensuring that the patient's heart obtains greater 
assistance at higher loads. Above a very high rate, 
the duty cycle is again decreased to improve over- 
all hemodynamic efficiency and as a safety mea- 

40 sure. 

The nature of the skeletal muscle stimulation is 
also changed with cardiac demand. At low demand 
levels, the number of pulses in a given burst and 
the amplitude are decreased to improve efficiency. 
45 As demand is increased, pulse count and am- 
plitude are increased to increase the amount of 
cardiac assistance. Pulse count and amplitude are 
again decreased at arbitrarily high cardiac rates as 
a safety measure. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects of the present invention and 
many of the attendant advantages of the present 
55 invention will be readily appreciated as the same 
become better understood by reference to the fol- 
lowing detailed description when considered in 
connection with the accompanying drawings, in 



2 



3 



EP 0 504 323 B1 



4 



which like reference numerals designate like parts 
throughout the figures thereof and wherein: 

Fig. 1 is a first embodiment of the present 

invention wherein the skeletal muscle is 

wrapped about the myocardium. 

Fig. 2 is an alternative embodiment of the 

present invention wherein the skeletal muscle is 

wrapped about the descending aorta. 

Fig. 3 is an alternative embodiment of the 

present, invention wherein the skeletal muscle 

performs counter pulsation of the descending 

aorta. 

Fig. 4 is a block diagram of the implantable 
pulse generator of the present invention. 
Fig. 5 is a graphical representation of stimula- 
tion pulse amplitude as a function of cardiac 
demand. 

Fig. 6 is a graphical representation of number of 
stimulation pulses per burst as a function of 
cardiac demand. 

Fig. 7 is a graphical representation of duty cycle 
. as a function of cardiac demand. 
Fig. 8 is a graphical representation of stimula- 
tion rate as a function of cardiac rate. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention employs a sensor to 
.-monitor cardiac electrical activity and cardiac de- 
mand in a skeletal muscle powered cardiac assist 
system. The invention uses the output of these 
sensors to vary a number of parameters of the 
skeletal muscle stimulation to Improve efficiency 
and safety. The parameters to be varied are duty 
cycle, pulse amplitude, and the number of pulses 
per burst. The basic cardiac assist system may t>e 
configured in a variety of ways as described in U.S. 
Patent No. 4,813.952 issued to Khalafalla. Several 
of these configurations are discussed herein by 
way of illustration and are not intended to limit the 
present invention. 

FiG. 1 Is an embodiment of the present inven- 
tion wherein skeletal muscle 22 is wrapped about 
human heart 100. Skeletal muscle 22 is condi- 
tioned as a "slow twitch" muscle as described by 
Cox in U.S. Patent No. 4,411,268. Implantable 
pulse generator 36 is coupled to pacing lead 34 to 
produce a demand pacemaker as taught by Cox. In 
addition, implantable pulse generator 36 stimulates 
skeletal muscle 22 to contract in synchrony with 
human heart 100. Assistance to human heart 100 is 
provided by the simultaneous contraction of skel- 
etal muscle 22 to increase systolic pressure in 
descending aorta 102 and elsewhere in the cir- 
culatory system. 

According to the present invention, implantable 
pulse generator 36 employs activity sensor 104 in 



addition to the cardiac activity sensed via pacing 
lead 34. These inputs are used by implantable 
pulse generator 36 to adjust the various parameters 
of the skeletal muscle stimulation regimen as ex- 
5 plained below. The parameters to be adjusted are 
duty cycle, pulse count, and pulse amplitude. 

FIG. 2 is an alternative embodiment of the 
present invention. In this embodiment skeletal mus- 
cle 22 is wrapped about artificial chamber 20 which 
10 is inserted in series with descending aorta 102. 
Unlike the embodiment of FIG. 1 , implantable pulse 
generator 36 stimulates skeletal muscle 22 to con- 
tract following evacuation of human heart 100. This 
is accomplished by the insertion of a delay ba- 
rs tween a paced or sensed beat of human heart 100 
and the stinriulatibn of skeletal muscle 22 as dis- 
cussed below. 

FIG. 3 is a further embodiment wherein artificial 
chamber 20 is coupled external to descending aor- 
20 ta 102. In this configuration skeletal muscle 22 is 
stimulated to counter pulse human heart 100. This 
raises diastolic pressure, thereby increasing perfu- 
sion of human heart 100. This is accomplished by 
the generation by Implantable pulse generator 36 
25 of a sufficient delay between a sensed or paced 
contraction of human heart 100 and stimulation of 
skeletal muscle 22 to cause the desired counter 
pulsation. 

Fig. 4 is a block diagram of implantable pulse 
30 generator 36. It includes a pacing generator 154 
which operates in the demand mode as is known in 
the art. Basically, tiie electrical activity of the pa- 
tient's heart is monitored via pacing lead 34. When- 
ever a naturally occurring contraction of the heart is 
35 found, sense amplifier 156 detects it and notifies 
pacing generator 154. If this naturally occurring 
contraction is sensed within the allotted time, the 
output of pacing generator 154 is inhibited. How- 
ever, if pacing generator 154 determines that suffi- 
. 40 cient time has elapsed since the last contraction of 
the heart, it produces a pulse which is conveyed to 
the heart via pacing lead 34 to artificially stimulate 
the desired contraction. 

The main purpose of stimulation generator 166 
45 is to produce a burst of pulses to cause contraction 
of skeletal muscle 22 in the proper timing relation 
to the contraction of the patient's heart. To do so. 
or-gate 160 produces an output whenever sense 
amplifier 156 senses a naturally occunring contrac- 
50 tion or pacing generator 154 supplies an artificial 
pacing pulse. In either situation, timing logic 162 is 
started to generate the desired amount of delay. 
This delay is neariy zero for the embodiment of 
Fig. 1. because maximum assistance to the myo- 
55 cardium is provided when skeletal muscle 22 con- 
tracts at the same time as the heart. 

The embodiment of Fig. 2 requires a much 
longer delay. This period is on the order of one-half 
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of the cardiac cycle (i.e. R-to-R interval). The em- 
bodiment of Rq. 3 requires yet a slightly longer 
delay, being somewhat greater than one-half of the 
cardiac cycle. This is necessary because this em- 
bodiment is intended to increase diastolic pressure 
in the aorta. 

The output of timing logic 162 is a pulse which 
is synchronous with the naturally sensed or artifi- 
cially stimulated contraction of the patient's heart 
but delayed in time according to the specific em- 
bodiment as described above. This pulse Is sup- 
plied to duty cycle timing circuit 164. This circuit is 
simply a variable digital counter which produces an 
output corresponding to a variable number of 
pulses received from timing logic 162. The normal 
output of duty cycle timing circuit 164 is one pulse 
for each ppjse received from timing logic 162. This 
corresponds to the one-for-one stimulation mode of 
skeletal muscle 22. A lesser ratio of output pulses 
to Input pulses is determined by overall cardiac 
rate and anticipated cardiac demand. 

Overall cardiac rate is determined by Integrator 
158. It is a circuit which receives inputs from both 
sense amplifier 156 and pacing generator 154 
much as with or-gate 160. In this way integrator is 
notified of both naturally occurring and artificially 
paced contractions of the patient's heart. Integrator 
- 158 simply integrates these two signals to produce 
. an average current heart rate. This signal is sent to 
.'duty cycle timer circuit 164 to adjust the variable 
rate counter in a manner which is described in 
more detail below. 

The anticipated cardiac demand may be deter- 
mined in a number of ways known in the art of 
cardiac pacing. These include without limitation, 
measurement of venous blood oxygen level, mea- 
surement of blood ph. determination of respiratory 
rate, computation of minute volume, and measure- 
ment of stroke volume. The preferred mode of the 
present invention uses an activity sensor siich as 
found in Medtronic Activltrax\pacemakers. Those of 
skill in the art will readily be able to substitute yet 
other sensors to determine anticipated cardiac de- 
mand. 

In the preferred embodiment, an activity sensor 
104 is mounted permanentiy to the housing of 
implantable pulse generator 36. This activity sensor 
is preferably a piezo electric crystal which converts 
mechanical energy received at the housing of im- 
plantable pulse generator 36 to electrical energy. It 
has been shown in the literature that activity sens- 
ing in this way is a very good means for anticipat- 
ing cardiac demand. The output of activity sensor 
104 is amplified and integrated by signal process- 
ing circuit 152. The result is a signal indicative of 
anticipated cardiac demand which is transferred to 
duty cycle timing circuit 164. 



The output of duty cycle timing circuit 164 is a 
pulse train which is a variable number of counts of 
the output of timing logic 162. The exact relation- 
ship is described in more detail below. Stimulation 

5 generator 166 receives the output of duty cycle 
timing circuit 164 and generates an output burst of 
energy corresponding to each of the output pulses 
of duty cycle timing circuit 164. The number of 
pulses in this burst is determined in part by the 

10 output of signal processor 1 52 such that additional 
pulses are added to the burst when the anticipated 
cardiac demand becomes high. 

Conditioning generator 168 supplies condition- 
ing pulses as needed. The stimulation pulses of 

75 stimulation generator 166 are combined with the 
conditioning pulses of conditioning generator 168 
and supplied to skeletal muscle 22 by stimulation 
lead 32. 

An alternative implementation of implantable 

20 pulse generator 36 is through the use of a micro- 
processor controlled general purpose implantable 
pulse generator such as Prometheus pulse gener- 
ator manufactured by Medtronic. B.V. of the Neth- 
erlands. The primary advantage of such an Im- 

25 plementation is the ease with which such a prog- 
rammable device can change modes of operation. 
This is particularly useful when doing clinical re- 
search. A description of the use of such a device 
may be found in the paper "Pulse Generator for 

30 Blomechanical Cardiac Assistance by Counter- Pul- 
sation Technique", by Grandjean, et al., published 
in the "Record of the Conference on Skeletal Mus- 
cle for Cardiac Assist and Repair, Banff Sept. 28- 
Oct. 2. 1988", published *by Future Editions (August 

35 1989). 

Fig. 5 is a graphical representation of a rela- 
tionship between the pulse amplitude and the an- 
ticipated cardiac demand. In this case anticipated 
cardiac demand corresponds to the appropriate 

40 cardiac rate which is determined from the output of 
activity sensor 104. This is computed in the man- 
ner known in the art from U.S. Patent No. 
4.379.402 issued to Anderson, et al. As can be 
seen, points 202 and 204 correspond to very low 

45 and low anticipated cardiac demand, respectively. 
These are on the order of less than 70 beats per 
minute. At these rates, stimulation generator 166 
supplies output pulses of minimum amplitude. 
These pulses must be greater than the stimulation 

50 threshold of skeletal muscle 22. However, consider- 
able energy is saved through using an amplitude 
which is only slightiy greater than this threshold. 

Points 206 and 208 correspond to average and 
high anticipated cardiac demand, respectively. 

55 These correspond to rates in the range of 70 to 
1 20 beats per minute although the exact values are 
patient dependent. At this demand level, the car- 
diac loading is sufficient to benefit from the addi- 
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tional amplitude and therefore additional assurance 
of capture. Point 210 is at>ove 120 pulses per 
minute for most patients. Again notice that this is 
the anticipated cardiac derhand and not the actual 
heart rate. 5 

Fig. 6 is a graphical representation of the num? 
ber of pulses in a given stimulation burst as a 
function of anticipated cardiac demand. The ranges 
along the abscissa are as explained above for most 
patients. Average and high anticipated cardiac de* io 
mand again require the greatest numk>er of pulses 
per burst and therefore the highest energy de- 
mand. The number of pulses per burst is de- 
creased at very high anticipated demands because 
efficiency is impaired if the individual pulse occur 75 
too frequently. 

Fig- Z is a graphical representation of the syn- 
chronization ratio performed by the variable coun- 
ter of duty cycle timing circuit 164. A one-to-one 
synchronization ratio is used for average antici- 20 
pated cardiac demand. This provides the greatest 
chronic assistance to the myocardium with the 
least battery consumption by implantable pulse 
generator 36. The synchronization ratio is greater 
for less than average anticipated cardiac demand 2s 
because less assistance is actually required. The 
synchronization ratio increases as the anticipated 
cardiac demand increases to ensure the fatigue of 
skeletal muscle 22 is minimized. 

Fig. 8 is a graphical representation of actual 30 
cardiac rates on the ordinate in relation to actual 
rates of stimulation of skeletal muscle 22 along the 
ordinate abscissa. Shown is the change in duty 
cycle with actual rate. The duty cycle is one-f cr- 
one in the typical patient In the range of 50 to 1 00 35 
beats per minute. At point 272, the actual cardiac 
rate is 100 beats per minute and the rate of stimu- 
lation of skeletal muscle 22 Is 100 beats per 
minute. Above that rate, skeletal muscle 22 is stim- 
ulated only once for every two cardiac cycles. At .40 
point 280 (140 beats per minute), the duty cycle 
becomes one stimulation of skeletal muscle 22 for 
every three cardiac cycles. 

Having thus described the preferred emtx)di- 
ments of the present invention, those of skill in the 4S 
art will be able to readily apply these teachings to 
other embodiments without deviating from the 
scope of the claims hereto attached. 

Claims 50 

1. A cardiac assist system for assisting a natural 
heart having ventricles which contract at a ven- 
tricular rate, for use with a surgically prepared 
skeletal muscle responsively coupled to the 55 
circulatory system, the cardiac assist system 
comprising: 



a. stimulating means (36) for coupling to the 
heart (100) and to the skeletal muscle (22) 
for stimulating the muscle to contract in 
synchrony with at least one ventricle of the 
heart in accordance with a plurality of pa- 
rameters of stimulation: and being charac- 
terized by further comprising 

b. sensing means (104) for responsively 
coupling to said stimulating means (36) and 
to the muscle (22), for sensing cardiac de- 
mand: and 

c. means for responsively coupling to said 
stimulating means (36) and to said sensing 
means (104). for varying at least one of said 
plurality of parameters of stimulation of said 
stimulating means (36) in proportion to said 
sensed cardiac demand during a predeter- 
mined range of cardiac demand, except that 
said at least one parameter is reduced 
when said cardiac demand is outside of 
said range. 

2. The cardiac assist system according to any 
one of the preceding claims, wherein one of 
said plurality of parameters of stimulation in- 
cludes pulse amplitude. 

3- The cardiac assist system according to any 
one of the preceding claims, wherein one of 
said plurality of parameters of stimulation in- 
cludes duty cycle. 

4. The cardiac assist system according to any 
one of the preceding claims, wherein one of 
said plurality of parameters of stimulation in- 
cludes number of pulses per burst. 

5. The cardiac assist system according to any 
one of the preceding claims, wheriein one of 
said plurality of parameters of stimulation In- 
cludes pulse width. 

6. The cardiac assist system according to any 
one of the preceding claims, wherein one of 
said plurality of parameters of stimulation In- 
cludes pulse interval. 

7. The cardiac assist system according to any 
preceding claim wherein said stimulating 
means comprises 

a. a first electrode (34) for sensing contrac- 
tions of the natural human heart: 

b. a pulse generator (154) electrically coup- 
led to said first electrode (34) for generating 
a stimulation signal in response to sensing 
of cardiac contractions by said first elec- 
trode (34): and 



5 



9 



EP 0 504 323 B1 



10 



c. a second electrode (32) electrically coup- 
led to said pulse generator (154) and to the 
muscle (22) for coupling said stimulation 
signal to said skeletal muscle (22) to cause 
a contraction of the muscle in synchrony 5 
with at least one ventricle of the heart in 
accordance with a plurality of parameters of 
stimulation. 

& The cardiac assist system according to claim 2 io 
wherein the rate of said stimulation follows said 
cardiac demand during a predetermined range 
of cardiac demand, and said stimulation is 
reduced to a lower synchronized rate when 
said cardiac demand is outside of said range. is 

Patentanspruche 

1. HerzunterstDtzungssystem zum UnterstOtzen 

eines naturlichen Herzens mit Ventrikein, die 20 
sich mit einer ventrlkularen Schlagzahl zusam- 
menztehen, zur Verwendung mit einem chtrur- 
gisch aufbereiteten Skelettmuskel, der auf das 
Kreislaufsystem reagierend mit diesem verbun- 
den ist, welches HerzunterstDtzungssystem fol- 2s 
gendes aufweist: 

a. eine Sttmulationseinrichtung (36). die mit 
dem Herz (100) und dem Skelettmuskel (22) 
zu verbinden ist, um den fVluskel so zu 
stimulieren. daB er sich synchron mit min- 30 
destens einem Ventrikel des Herzens ab- 
hangig von mehreren Stimulationsparame- 

tern zusammenzieht; und 
ferner gekennzeichnet durch: 

b. eine MeSeinrichtung (104), die auf die 35 
Stimulationseinrichtung (36) und den Muskel 

(22) reagierend mit diesen verbindbar ist, 
um den Herzbedarf zu messen; und 

c. eine Einrichtung, die auf die Stimulations- 
einrichtung (36) und die MeBeinrichtung 40 
(104) ansprechend mit diesen verbindbar 

ist, um zumindest einen der mehreren Sti- 
mulationsparameter der Stimulationseinrich- 
tung (36) proportional zum gemessenen 
Herzbedarf in einem vorgegebenen Bereich 45 
des Herzbedarfs zu verandern, mit der Aus- 
nahme. daB der mindestens eine Parameter 
verringert wird. wenn der Herzbedarf auBer- 
halb dieses Bereichs liegt. 

50 

2. HerzunterstOtzungssystem nach einem der 
vorstehenden AnsprCiche, bei dem zu den 
mehreren Stimulationsparametern die Impuls- 
amplitude gehdrt. 

55 

3. HerzunterstOtzungssystem nach einem der 
vorstehenden AnsprOche. bei dem zu den 
mehreren Stimulationsparametern das Tastver- 



hSltnis gehdrt. 

4. HerzunterstOtzungssystem nach einem der 
vorstehenden AnsprOche, bei dem zu den 
mehreren Stimulationsparametern die Anzahl 
von Impulsen pro ImpulsbOndel gehdrt. 

5. HerzunterstOtzungssystem nach einem der 
vorstehenden AnsprOche. bei dem zu den 
mehreren Stimulationsparametern die Impuls- 
breite gehdrt. 

6. HerzunterstOtzungssystem nach einem der 
vorstehenden AnsprOche. bei dem zu den 
mehreren Stimulationsparametern das Impuls- 
intervall gehort. 

7. HerzunterstOtzungssystem nach einem der 
vorstehenden AnsprOche, bet dem die Stimula- 
tionseinrichtung folgendes aufweist: 

a. eine erste Elektrode (34) zum Messen 
von Kontraktionen des natOrlichen menschli- 
chen Herzens; 

b. einen Impulsgenerator (154), der elek- 
trisch mit der ersten Elektrode (34) verbun- 
den ist, um ein Stimulationssignal auf eine 
Messung von Herzkontraktionen durch die 
erste Elektrode (34) hin zu erzeugen; und 

c. eine zweite Elektrode (32). die elektrisch 
mit dem Impulsgenerator (154) und dem 
Muskel (22) verbunden ist. um das Stimula- 
tionssignal an den Skelettmuskel (22) zu 
koppein, um eine Kontraktion des Muskels 
synchron mit mindestens einem Herzventri- 
kel abhangig von mehreren Stimulationspa- 
rametern hervorzurufen. 

& HerzunterstOtzungssystem nach Anspruch 2, 
bei dem die Stimulationsrate dem Herzbedarf 
in einem vorgegebenen Herzbedarf-Bereich 
folgt und die Stimulation auf eine geringere 
Synchrontsationsrate verringert wird, wenn der 
Herzbedarf auBerhalb dieses Bereichs liegt. 

Revendlcations 

1. Systeme d*assistance cardiaque apte h assis- 
ter un coeur naturel poss^dant des ventricules 
qui se contractent ^ un rythme ventriculaire et 
destine h etre utilise avec un muscle du sque- 
lette qui est pr^par^ chirurgicalement et qui 
est coupl§ en r^ponse au systfeme circulatoire. 
ce systeme d*assistance cardiaque compre- 
nant : 

a. des moyens stimulateurs (36) destines k 
€tre coupl§s au coeur (100) et au muscle du 
squelette (22) pour stimuler le muscle de 
faQon qu*il se contracte en synchronisme 
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avec au moins un ventricute du coeur, en 
accord avec une plurality de parametres de 
stimulation, est caractdrisd en ce qu'il com- 
prend en outre 

b. des moyens capteurs (104) destines k s 
§tre couples en r^ponse auxdits moyens 
stimulateurs (36) et au muscle (22) pour 
capter la demande cardiaque ; et 

c. des moyens destines a etre couples en 
r^ponse aux moyens stimulateurs (36) et io 
auxdits moyens capteurs (104) pour faire 
varier au moins I'un des paramfetres de ladi- 

te plurality de parametres de stimulation 
desdits moyens stimulateurs (36) en propor- 
tion de ladite demande cardiaque capt^e 75 
pendant un intervalle predetermine de de- 
mande cardiaque. sauf que ledit au moins 
un parametre est reduit lorsque ladite de- 
mande cardiaque se trouve en dehors dudit 
intervalle. 20 

2. Systeme d'assistance cardiaque selon la re- 
vendication pr^c^dente. dans lequel I'un des 
parametres de ladite pluralite de parametres 

de stimulation comprend I'amplitude des im- 25 
pulsions. 

3. Systeme d'assistance cardiaque selon une 
quelconque des revendications pr^c^dentes, 
dans lequel I'un des parametres de ladite plu- 30 
ralite de parametres de stimulation comprend 

le cycle de marche. 

4. Systeme d'assistance cardiaque selon une 
quelconque des revendications pr^cedentes, 35 
dans lequel I'un des parametres de ladite plu* 
ralite de. parametres de stimulation comprend 

le nombre d'impulsions par bouffee. 

5. Systeme d*assrstance cardiaque selon une .40 
quelconque des revendications precedentes, 
dans lequel Tun des parametres de ladite plu- 
rality de parametres de stimulation comprend 

la largeur des Impulsions. 

45 

6. Systeme d'assistance cardiaque selon une 
quelconque des revendications precedentesi 
dans lequel I'un des parametres de ladite plu- 
ralite de parametres de stimulation comprend 
I'intervalle des impulsions. 50 

7. Systeme d'assistance cardiaque selon une 
quelconque des revendications prec§dentes, 
dans lequel lesdits moyens stimulateurs com- 
prennent 55 

a. une premiere electrode (34) destin^e h 
capter les contractions du coeur humain 
naturel ; 



b. un gen^rateur d'impulsions (154) coupie 
electriquement k ladite premiere electrode 
(34) pour engendrer un signal de stimulation 
en reponse e la captation de contraction 
cardiaque par ladite premiere Electrode (34) 
;et 

c. une deuxieme Electrode (32) coupl^e 
electriquement audit gen^rateur d'impul- 
sions (154) et au muscle (22) pour tran- 
smettre ledit signal de stimulation audit 
muscle du squelette (22) pour provoquer 
une contraction du muscle en synchronisme 
avec au moins un ventricule du coeur, en 
accord avec une plurality de parametres de 
stimulation. 

8. Systeme d'assistance cardiaque selon la re- 
vendication 2, dans lequel le rythme de ladite 
stimulation suit ladite demande cardiaque sur 
un intervalle predetermine de demande cardia- 
que et ladite stimulation est reduite a un ryth- 
me synchronise plus bas lorsque ladite de- 
mande cardiaque est en dehors dudit interval- 
le. 
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FIG. 3 
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